Dichlorvos (dimethyl 2, 2-dichlorovinyl phosphate) inhibits the biosynthesis of aflatoxin by Aspergillus parasiticus. Cultures treated with dichlorvos excrete an orange pigment which can be converted into aflatoxin B1 by the untreated mycelia. The orange pigment was partially identified as an acetyl derivative of versiconol-type compound. In the presence of dichlorvos, sterigmatocystin is converted into aflatoxin B1 without being interfered, but averufin is converted into the orange pigment instead of aflatoxin B1. Therefore, dichlorvos appears to block an enzymatic step in the aflatoxin biosynthetic pathway, which lies beyond averufin but before sterigmatocystin, at the formation of the orange pigment.
Dichlorvos (dimethyl 2, 2-dichlorovinyl phosphate), an organophosphate insecticide, was recently found to inhibit aflatoxin (AF) biosynthesis both in synthetic media (8) and in rice, corn, wheat, and peanut samples inoculated with AF producers (14) . Hsieh (8) reported that dichlorvos at 10 ppm inhibited over 90% of AF biosynthesis by Aspergillus parasiticus ATCC 15517 grown on different liquid media. Complete inhibition of toxin production occurred with 20 ppm dichlorvos. The treated cultures, however, excreted relatively large quantities of an orange pigment (OP) which is possibly the same pigment recently isolated by Schroeder et al. (17) from cultures of other AF-producing strains treated with dichlorvos. The pigment was probably an acetyl derivative of versiconoltype compound (D. P. H. Hsieh, R. C. Yao, and C. A. Reece, Abstr. Pacific Conf. on Chemistry and Spectroscopy, 1973) .
Previously our incorporation studies (9, 12) indicated that sterigmatocystin (ST) and averufin (AR) can be converted into AF B1 by A.
parasiticus and are probably intermediates in AF biosynthesis. We also found thiat AR can be converted into ST by a ST-producing strain of A. versicolor. Therefore, experimental support is provided for the biosynthetic scheme for AF
B1 (III) involving AR (I) and ST (II) as proposed
by Thomas (18) (Fig. 1 ). Of particular interest in the scheme is the mechanism of derivation of the bisfuran ring system in the ST and AF molecules from the C, side chain in the AR molecule. The biogenetic origin of this unusual structure has been a subject of controversy in the study of Aspergillus bisfuranoid biogenesis (2, 6, 7, 13, 18) .
In the present study, we show that the aforementioned OP can be converted into AF B, by A. parasiticus and hence is probably an intermediate in AF biosynthesis, and that dichlorvos inhibits an enzymatic step in the biosynthetic pathway between AR and ST, a step involved in the development of the bisfuran ring system in the molecules of ST and AF B1 from the C, side chain of AR.
MATERIALS AND METHODS Organisms. The fungi A. parasiticus ATCC 15517 and its nitrosoguanidine-derived, averufin-producing mutant, A. parasiticus ATCC 24551 (4), and A. versicolor ATCC 18643, a sterigmatocystin producer, were used in this study. Conidia were harvested from well-sporulated cultures on mycological agar (Difco) and were stored in 0.01% aqueous sodium lauryl sulfate solution. Fig. 2 . In both media, AF production was terminated and OP began to accumulate in the mycelia and excrete into the media upon addition of 20 ppm dichlorvos. Although AF production was inhibited to the same extent, the yield of OP in RC medium was three times that in MM medium despite the higher glucose concentration in the latter (36 versus 50 g/liter). The lower yield of OP in MM medium, which contained nitrogen, might have been due to the induction of OP metabolizing enzymes, whereas, in RC medium, no such enzymes were synthesized due to the absence of nitrogen source.
When the pregrown cells, further incubated with 20 ppm dichlorvos in MM medium for 24 h, were thoroughly washed with sterile water and reincubated in dichlorvos-free MM and RC media, both containing 50 g of glucose/liter, the relative production of AF B1 and OP was as shown in Fig. 3 Fig. 4 . The highest incorporation efficiency concurred with 10 ppm dichlorvos. Above that level, the incorporation percentage decreased significantly. The lower yield of OP at higher concentrations of the inhibitor indicated an effect of dichlorvos on another enzyme involved in the earlier portion of the biosynthetic pathway.
We previously reported that the unknown OP gave orange needle-like crystals with a melting point of 219 to 225 C (decomposition) ( [2- 'C acetate and the uniform label density throughout the molecule (Fig. 1) (9) . Therefore, the C,8-polyketide theory is highly questionable. Recently, Thomas (18) postulated that AR is an intermediate in the biosynthesis of ST and AF and that the C,-bisfuran structure is derived from the C, Alternatively, it has been proposed that ST and AF are synthesized in vivo from a fusion of two preformed polyketide units, namely C4 and C,l moieties (6, 7). The "two-unit theory" was supported by the difference found in the labeling density of the bisfuran and the xanthone moiety of the ["4C ]T molecule synthesized from ['IC acetate (7) , and also by the efficient incorporation of acetoacetate into AF B, (6) . The substitution of the C, side chain of AR with an acetoacetate-like Co unit to form a versiconol-like structure would provide an easy explanation of how the bisfuran ring system in the molecules of ST and AF is developed. More experimental work needs to be done to further understand the origin and mechanism of formation of the fungal bisfuranoid structure.
